Alchornea triplinervia (Spreng.) Mü ll. Arg. (Euphorbiaceae) is a tree which occurs in a broad range of habitats in Brazil. In the State of Rio de Janeiro, it occurs from montane forests to swamplands at sea level. A quantitative approach was used to examine the role of light and soil water regime on the variations found in anatomical traits of the palisade and spongy parenchyma, outer epidermal cell wall of the abaxial and adaxial surfaces, the percentage of sclerenchymatous area in relation to the total midrib area and the ratio of palisade to spongy parenchyma for five distinct ecological populations: M1 -late secondary montane forest (shaded, unflooded); M2 -early secondary montane forest (semi-exposed, unflooded); S1 -primary swamp forest (semi-exposed, flooded); S2 -secondary swamp forest (exposed, flooded); and D -deforestation area (exposed, unflooded). Tukey tests were carried out for multiple comparisons, while one-way factor variance analysis was used to test for differences among ecological populations. A principal component analysis was used to order the populations as well as to find the higher variance component. These populations developed different response levels to the environmental factors studied, namely light and soil water regime. Light accounted for the variations found in palisade and spongy parenchyma while the combination of light and soil water determined the variations found regarding the outer epidermal cell wall of the abaxial surface, the percentage of sclerenchymatous area in relation to the total midrib area and the compaction of the spongy parenchyma. The separation of S1/M2 and S2/D populations into two groups was due to similar light regimes, which suggested that light was affecting the leaf anatomical variation of A. triplinervia more than the interaction of light and soil water regime. and anthropogenic impact. These are often highly ad-INTRODUCTION aptable plants when faced with environmental variWidespread, common species are not as easily ation, which may be of key relevance in a global change threatened by extinction as rare and/or endemic spescenario (Parsons, 1990). cies, with the result that conservation initiatives often
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The Atlantic rainforest complex, one of the world's focus on the latter. However, populations of widespread 25 biodiversity hotspots, is notable for its high species plants can be locally extinguished (McKinney, 1997) diversity and high level of endemisms (Myers et al., due to vulnerability to local environmental pressures 2000) . However, it also has many interesting cases of generalist plants which are seldom studied from an intra-specific variation perspective (Rôças, Barros & Scarano, 1997) . The poor conservation status of this biome and high level of habitat fragmentation (only 7.5% of its original area remains; Myers et al., 2000) In the Poço das Antas Biological Reserve, municipality of Silva Jardim, the plants were collected in demands a deeper scientific knowledge regarding species acclimation to environmental heterogeneity. a primary swamp forest (S1), a vegetation type which used to be typical of the Atlantic forest lowlands, The euphorb tree Alchornea triplinervia (Spreng.) Mü ll. Arg. is a widespread neotropical species which and is now reduced to a few remnants. The sunlight penetrates through the canopy semi-exposing the occurs in various habitats within the Atlantic rainforest complex. In a previous study we ( Rôças et al., understorey. The soil is waterlogged for c. 10 months of the year (Scarano et al., 1997) . Tree mean DBH was 1997) compared leaf anatomy of specimens of this species in relation to light intensity in two remnants c. 15 cm and the mean height c. 15 m. The Jacarepiá State Ecological Reserve, muof secondary forest at distinct successional stages. Subsequently, we found three further populations, two nicipality of Saquarema, is a sandy coastal plain located between the Atlantic Ocean and the Jacarepiá of them subject to flooding. In this paper, we examine the role of both periodic flooding and light on leaf lagoon. Specimens were collected in a secondary swamp forest (S2). Adult plants had an average height of anatomical variation for this species, aiming to discern the role played by each of these factors on the variations 5 m and DBH was c. 10-12 cm. Sunlight penetrated through canopy gaps formed by previous anthropogenic found. Although acclimation cannot be predicted from leaf anatomy alone (Strauss-Debenedetti & Berlyn, disturbances. Thus, the understorey was classified as 1994), the variation spectrum provides an indication exposed to sunlight. Here, the soil is waterlogged for of the species' ecological plasticity.
10-11 months per year. In a neighbouring impacted Studies of structural modifications in plants ocsite which suffered deforestation (D), another sample cupying distinct habitats have often lacked a sound was collected, which was totally exposed to sunlight quantitative basis (e.g. Zagdanska & Kozdój, 1994) and growing on unflooded sandy soil. These plants and more commonly examine the effect of a single were approximately 2-3 m in height (Sá , 1992) . environmental factor on the character(s) under Thus, A. triplinervia plants in M1 were shaded and scrutiny (Smirnoff & Crawford, 1987; Sojka, 1992) .
unflooded, in M2 were semi-exposed and unflooded, in Currently, a more quantitative approach is being em-D were exposed and unflooded, in S1 were semi-exposed ployed (Loreti & Oesterheld, 1996; Schreiber & Rie- and flooded and in S2 were exposed and flooded. derer, 1996; Rozema et al., 1997) , although studies attempting to assess which environmental factor ac-LEAF ANATOMY counts for which variation pattern are still lacking.
Palisade and spongy parenchyma, and outer epidermal cell wall of the abaxial and adaxial surfaces were MATERIAL AND METHODS measured by using sections embedded in methacrylate STUDY SITES resin (hydroxyethyl methacrylate, Reichert-Jung, historesin embedding kit), and stained by toluidine blue Five leaves were taken at the middle-third of the 0.1% (Feder & O'Brien, 1968) . These tissues are known canopy of each of 3-5 mature individuals of Alchornea to reveal responses related to light and soil water triplinervia (Spreng.) Mü ll. Arg. in each of five sites variations (Esau, 1972; Levitt, 1980; Rozema et al. , distributed along three distinct vegetation types in Rio 1997). Histochemical tests for lignin, tannins, and de Janeiro State, south-eastern Brazil (Fig. 1 ). These calcium oxalate crystals were carried out according to sites were chosen because they represent distinct light Johansen (1940) and Jensen (1962) . The percentage of and water regimes within a single vegetational domain, sclerenchymatous area in relation to the total midrib the Atlantic rainforest complex. Geographic and cliarea was calculated by using images obtained by the matic features of these sites are depicted in Table 1. camera lucida of a light microscope which were subLeaves were harvested at all sites at the same seasonal sequently digitized (Genitizer GT-1212B). The software time and from individuals with similar physiological used was Autocad R13 for Windows. The sample size age.
established was 25 fields for each measurement (N= Two sites were located at Macaé de Cima Ecological 25), from which were calculated mean and standard Reserve, municipality of Nova Friburgo: a late-secdeviation. Tukey tests were carried out for multiple ondary montane forest (M1) and a neighbouring early comparisons, while one-way analysis of variance was secondary montane forest (M2). M1 was characterized used to verify the existence of differences among ecoby a dense canopy cover, a shaded understorey and a logical populations. Principal components analysis humid clay-sandy soil, while M2 had large canopy (PCA) was used to order the populations as well as gaps, higher light penetration and a dry clay-sandy to find the higher variance components (Schlichting, soil. The mean trunk diameter at breast height (DBH) 1986; Zar, 1996) . The statistical analyses were done of A. triplinervia was c. 15 cm and the mean height c. 20 m for both sites (Rôças et al., 1997) .
with Statistica v. 4.2. paracytic stomata and the epidermis was uniseriate.
RESULTS
Stellate multicellular trichomes occurred on both faces Alchornea triplinervia showed phenotypic variations of all specimens studied. in regard to leaf morpho-anatomy among the ecological M1, M2 and S1 had a dorsiventral mesophyll. M1 populations studied. M1 (leaves of shaded, unflooded showed a one-layered palisade parenchyma and 3-5 plants) had mesomorphic characteristics, while the layers of spongy parenchyma. The intercellular spaces others showed xeromorphic trends.
were wide, often occupying all the extension between M1 leaf length was 20-25 cm, while M2 (semi-exthe palisade and the abaxial epidermis (Fig. 2 ). M2 and posed and unflooded) and S1 (semi-exposed and S1 were structurally similar; the palisade parenchyma flooded) was 10-15 cm, and D (exposed and unflooded) contained 1-2 layers of compactly arranged elongate and S2 (exposed and flooded), 8-10 cm (Fig. 1) . In all cells and the spongy parenchyma a few small intercellular spaces and c. 4-5 layers. In the latter, which populations the leaves were amphistomatous with was closer to the abaxial epidermis, the diameter inparenchyma layers, in both cases with a compact arrangement as compared with the others. They showed a creased towards the anticlinal wall, similar to a palisade cell (Figs 3, 4) . S2 and D frequently showed completely developed second palisade near the abaxial epidermis (Figs 5, 6), characterizing an isobilateral two palisade parenchyma layers and c. 2-4 spongy mesophyll. The ratio of palisade to spongy parenchyma significantly from the others. These results indicated that the magnitude of the tissue responses was difof all populations did not show statistical differences, probably because the ontogeny of these tissues was ferent when they were submitted to distinct environmental factors. not under ecological control (Table 2) . Druses of calcium oxalate and phenolic substances were found in both
The PCA indicated that the anatomical characteristics varied according to the first two components, tissues.
The structural arrangement of the midrib was simwhich together explained 62.96% of the total variance. PC1, which corresponded to the light factor, was reilar in all sites. The uniseriate epidermis is followed by an angular collenchyma in both faces. The archsponsible for 42.46% of the total variance, and was strongly influenced by palisade and spongy parshaped vascular system showed five bundles disposed near the adaxial epidermis (Fig. 7) . Different levels of enchyma and sclerenchyma percentage value. PC2, responsible for 20.46% of the total variance, was mainly sclerification and gelatinous fibres were observed. A lower proportion of sclerenchyma occurred at S1, folinfluenced by the outer epidermal cell wall of the abaxial surface, and secondarily by the sclerenchyma lowed by M1-M2 and then S2 and D (Table 2) .
The multiple comparison tests and the PCA (Fig. 8A) percentage value (Fig. 8B) , and thus corresponded to the interaction of light and water. showed that M1 formed an isolated and intermediate group in relation to the other groups (M2/S1 and D/ There was a high positive correlation between palisade and spongy parenchyma, which were negatively S2). In the field, these individuals were taller (c. 20 m tall), had bigger leaves and a broader canopy, sugcorrelated to the sclerenchyma percentage value. The populations were distributed more widely in relation gesting that these were under less stressful conditions than the other populations. For this reason, M1 was to PC1 (light) and more narrowly in relation to PC2 (light/flooding). PC1 was primarily responsible for the used as a natural control and was excluded from the comparative statistical tests.
population arrangement and the anatomical character variation (Fig. 8B) . The proximity between the sampleThe phenotypic differences regarding leaf anatomy among the populations of A. triplinervia were tested points M2/S1 and S2/D indicated an intrinsic similarity between these groups. Palisade and spongy parby a multiple comparison test (Table 2 ). M2 and S1 showed the highest palisade and spongy parenchyma enchyma seemed to play a key role in the ordering of PC1, while the outer epidermal cell wall of the abaxial thickness and S2 the smallest. The outer epidermal cell wall of the adaxial surface did not vary significantly surface and the sclerenchyma percentage value best explain the arrangement of PC2. Again, light is the among the distinct populations. Although M2, S2 and D differed significantly among them for the outer epimain factor for the M2/S1 and S2/D grouping. dermal cell wall of the abaxial surface, they formed an isolated group in relation to S1. The highest thick- the light and soil water regime. Light accounted for Sprugel & Hinckley, 1996; Rozema et al., 1997; Rôças et al., 1997) , the mesophyll of leaves exposed to high variations in the thickness of the outer epidermal cell wall (see Schreiber & Riederer, 1996) and in the levels of light was thicker and had a well-developed palisade layer with columnar-shaped cells, while that thickness and number of cell layers of the palisade and the spongy parenchyma. Field observations reof those developed under shade or low irradiance were thin. The columnar shape of palisade cells facilitates vealed that the young leaves remained rolled up to the moment of their complete differentiation. During this light penetration to the spongy tissue (Vogelmann & Martin, 1993) . The distribution of light through the period, the abaxial epidermis is exposed while the adaxial one is protected. Thus, the former is constantly leaf and the acclimation of chloroplasts in habitats with high levels of light may maximize the rate of exposed to environmental factors during its development while the latter is subjected to physical photosynthesis and reduce susceptibility to photoinhibition (De Lucia et al., 1996) . As exposure to light factors only when the leaf is already fully grown. The thickness of the outer epidermal cell wall of the former increased, we observed a tendency for the development of another palisade layer near the abaxial epidermis; varied significantly among the collecting areas, while that of the latter did not.
at its most extreme this resulted in a total development of an isobilateral structure at S2 and D. This kind of As in other studies (Chabot & Chabot, 1977; Brooks, 
